Objectives-There are no agreed criteria for osteoarthritis (OA) of the knee in population studies. The radiographic scoring system of Kellgren and Lawrence has been the system most used in the past and although other methods have been developed, comparisons have not been performed. Therefore these grading systems were compared in radiographs from a general population sample.
Methods-Anteroposterior weightbearing radiographs of 1954 knees from 977 women aged 45-64 years from the Chingford population study were read by a variety of methods, including quantitative measures of minimum joint space, qualitative measures of osteophytes and of joint space, and a qualitative Kellgren and Lawrence global score. All qualitative methods used standardised atlases. Intraobserver and interobserver reproducibility was tested on a subgroup of 100 films using three observers and two readings. Variables were dichotomised at the tenth and second centiles to define OA. Odds ratios were calculated for each method for the association of OA with knee pain, obesity, and with each of the other methods. Results-Most methods had high intraobserver and interobserver reproducibility, except for measurements of lateral joint space. The best predictors of knee pain were the presence of osteophytes and the Kellgren Kellgren and Lawrence (0-4 scale)." All the qualitative methods used standardised published atlases which were referred to routinely during the assessment of each film.
The intraobserver and interobserver reproducibility of the observations was tested on a subgroup of 100 knees selected to include the full range of radiological features. After a combined training session these were read independently three weeks apart by three observers of different levels of experience. All repeat readings were made blind to the original assessments and no markings were left on the radiographs. Because the aim of the study was to assess the best way of defining the presence or absence of OA, all the grades, whether ordinal or continuous, were dichotomised into two groups. Cutoffs for these levels were chosen as approximately the tenth centile of their distribution in the full population sample. This level was chosen as it was similar to the reported levels of radiographic OA (using Kellgren and Lawrence grade 2+) in individual knees in subjects aged 50-70 from different population surveys.2 In addition, a second centile cutoff was used to define small numbers with 'severe' disease. Levels of agreement for these dichotomised variables both within observers and between observers (based on the first reading) were summarised by the K statistic. No universal agreement exists on the interpretation of the K statistic, though most workers believe a K value greater than 0-8 to be very good, between 0-6 and 0-8 to be good, and between 0'4 and 0-6 to be average. As part of the Chingford population survey, physical and demographic data were available and details were obtained of body mass index and knee pain, which had been found in previous epidemiological surveys to be strongly associated with the presence of OA of the knee defined on the basis of symptoms, osteophytes, or joint space. The odds ratios for each of the radiographic features were calculated to provide estimates of the association between knee pain and obesity. The relations between the different radiographic measures were assessed by calculating the odds ratios for the association between each pair of features. As an example, if the odds ratio was 2-0 for a combination of features, this implies that if one feature is present, the odds of the other being present in the same subject is doubled. Results Table 2 gives the cutoffs at the approximate 10 and 2% level by which OA was defined for each feature. The actual centiles for the chosen cutoff points are also shown and these show some variability, being closer to the 10% levels for the continuous features and generally lower for the graded features. At the more severe 2% level the actual centiles were similar. As expected, the radiographic features correlated with each other and the odds ratios for the tenth centile cutoff are given in table 5. In general, scores measuring the presence of osteophytes and Kellgren and Lawrence grade performed the best as assessed by the highest odds ratios. These relations were stronger for the second centile cutoffs, but the relative ranking of these was similar.
Discussion
These data have shown that, using a variety of quantitative and qualitative methods with atlases, good internal consistency can be achieved for a number of different radiographic features, with the most experienced reader Table 5 Interrelationship and association of radiographic features using an approximate 10% cutoff as definition of disease presented as odds ratios (95% confidence intervals) Joint space (medial) CSM) 2-9 2-6 3-5 (4-79-9 18) (2 03-415) (1-84-362) (2-534-75) Joint space (lateral) (SL) 2-2 2-6 3 1 (1 36-3 55) (1-65-3 95) allowed workers to define OA in different ways while maintaining that they had used standard criteria. For example, one version defines grade II for knees as 'the presence of definite osteophytes with minimal joint space narrowing' and a later version 'definite osteophytes but the joint space is unimpaired'. In addition, the films chosen for the atlases do not conform to the written descriptions. If defined clearly, as in this study, it will remain a powerful epidemiological tool which will allow comparison of populations and with previous surveys.
The use of a standardised atlas is likely to be important in obtaining good results. In all our readings the reference pictures were used at all times with the atlas kept open at the appropriate page.
It is likely that the role of the osteophyte is different at different sites of the body. Croft et al performed a similar analysis and evaluation of radiographic measures in OA of the hip in a large population of men and found that measurement of the minimum joint space was the best single index of OA, the presence of osteophytes being less important. 6 The performance of the features analysed in this study may be different in older women or in men and it is not necessarily the best way to examine severity or progression. It is possible that for severity and progression the assessment of joint space may be more useful and it remains to be seen which method fulfils this role. Our results suggest, however, that the reproducibility and interpretation of the lateral joint space of the knee is unreliable and attention should be focused on the medial compartment. Some support for a role of joint space in assessing severity arose from our data when we used a severe 2% cutoff to determine OA. In this the Kellgren and Lawrence grade 3+, osteophytes (grade 2), joint space (combined) and ruler (medial) all performed well, with more than 72% of subjects being identified as symptomatic. In summary, our data support the use of the definite osteophyte (defined by atlas) to define the presence or absence of OA of the knee for epidemiological studies in population samples.
